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ABSTRACT 

T h i s  memorandum rev iews  t h e  i t e r a t i v e  a n a l y t i c a l  and 
e x p e r i m e n t a l  s t e p s  used t o  p r e d i c t  s p a c e c r a f t  s t r u c t u r a l  l o a d s  
due t o  ground winds and e s t ab l i sh  t h e  maximum ground-wind 
environment  i n  which i t  i s  s t r u c t u r a l l y  safe t o  l aunch .  I n  t h e  
c a s e  o f  AAP-2, t h e  p rocedure  i s  f a r  from complete;  t h e  n e x t  s t e p  
i s  t h e  s t a t i c  t e s t  on t h e  pay load .  

I n t e r n a l  l o a d s  a n a l y s e s  a t  MSFC and a t  McDonnell 
Douglas ( M D A C )  have produced d i f f e r e n t  r e s u l t s ,  even though b o t h  
a n a l y s e s  were based on t h e  same s e t  of  wind-induced e x t e r n a l  
l o a d s .  The MSFC r e s u l t s  i n d i c a t e  t h a t  t h e  AM/MDA i n t e r f a c e  
does n o t  have s u f f i c i e n t  s t r e n g t h  t o  p a s s  t h e  u l t i m a t e  l i f t - o f f  
l o a d  c o n d i t i o n s  of  t h e  o r i g i n a l  s t a t i c  t e s t  c r i t e r i a ,  which 
i n c l u d e d  a 28-knot .ground wind. However, w i t h  a ve ry  minor  
s t r u c t u r a l  change and a downward r e v i s i o n  o f  t h e  wind c r i t e r i a  
t o  2 4  k n o t s ,  t h e y  are c o n f i d e n t  o f  a s u c c e s s f u l  s t a t i c  t e s t .  
MDAC b e l i e v e s  t h e  s t r u c t u r e  would have passed t h e  t e s t  under  
t h e  o r i g i n a l  c r i t e r i a .  T h e  s t a t i c  t e s t  shou ld  d e t e r m i n e  which 
a n a l y s i s  i s  t h e  more a c c u r a t e .  I f  t h e  MDAC r e s u l t s  are c o r r e c t ,  
XSFC s h c u l d  have no o b j e c t i o r ,  t o  r a i s i n g  t h e  f l i g h t  l i f t - o f f  
wind c o n s t r a i n t  back t o  28 k n o t s .  Even i f  t h e  MSFC r e s u l t s  
are  n o t  c o n s e r v a t i v e ,  lower ( t h a n  s t a t i c  t e s t )  weight  and 
c . g .  p o s i t i o n  of t h e  MDA w i l l  d e c r e a s e  t h e  a c t u a l  l i f t - o f f  
l o a d s  and some r e l i e f  of  t h e  24-knot t e s t  c o n s t r a i n t  can  b e  
e x p e c t e d ,  

S i n c e  t h e  d isagreement  between MSFC and MDAC on 
i n t e r n a l  l o a d s  p robab ly  cannot  be  r e s o l v e d  w i t h o u t  t h e  s t a t i c  
t e s t ,  and s i n c e  MSFC i s  u n w i l l i n g  t o  commit t h e  s t r u c t u r e  t o  
t e s t  c o n d i t i o n s  t h e y  f e e l  w i l l  f a i l  i t ,  t h e  use  o f  t h e  p r e s e n t l y  
p l anned  s t a t i c  t e s t  c r i t e r i a  (24-knot wind) i s  recommended. 

The p r o b a b i l i t y  of  t h e  peak wind exceed ing  even  
24  k n o t s  a t  t h e  i n s t a n t  of  l i f t - o f f  i s  ve ry  low, b u t  i f  i t  does ,  
a s h o r t  h o l d  i s  no t  c r i t i c a l  i n  t h e  c a s e  of  AAP-2 as t h e r e  i s  
no launch-on-time c o n s t r a i n t  d i c t a t e d  by rendezvous  p r o f i l e s .  
T h e r e f o r e ,  no major  s t r u c t u r a l  mods seem war ran ted .  
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The approach of making t h e  launch  v s .  h o l d  d e c i s i o n  
based on measured l o a d s  r a the r  t h a n  measured winds i s  d e f i n i t e l y  
a t t r a c t i v e ,  as i t  a v o i d s  t h e  u n c e r t a i n t i e s  (which are u s u a l l y  
t r e a t e d  b y  c o n s e r v a t i s m )  invo lved  i n  t r a n s l a t i n g  wind speeds  
i n t o  l o a d s .  T h i s  Apol lo  Program t e c h n i q u e  shou ld  be c o n t i n u e d  
f o r  AAP l a u n c h e s .  
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Ground winds a t  t h e  t i m e  of  l aunch  r e s u l t  i n  s t r u c t u r a l  
l o a d s  i n  a space  v e h i c l e .  T h i s  memorandum rev iews  t h e  e x p e r i m e n t a l  
and a n a l y t i c a l  s t e p s  t h a t  a r e  used  t o  p r e d i c t  s t r u c t u r a l  l o a d s  
as a f u n c t i o n  o f  t h e  wind, check space -veh ic l e  s t r e n g t h  a g a i n s t  
p r e d i c t e d  l o a d s ,  and e s t a b l i s h  t h e  maximum ground-wind environment  
i n  which i t  i s  s t r u c t u r a l l y  s a f e  t o  l aunch .  The a u t h o r  hopes 
t h a t  t h i s  pape r  w i l l  s e r v e  as a s h o r t  c o u r s e  f o r  t h o s e  u n f a m i l i a r  
w i t h  t h e  s u b j e c t ,  and has t h e r e f o r e  i n c l u d e d  a p p r o p r i a t e  d e f i n i t i o n s  
and d e t a i l s  a t  t h e  expense of  b r e v i t y .  

The p a r t i c u l a r  problem t h a t  l e d  t o  t h i s  rev iew i s  t h e  
p o s s i b i l i t y  o f  a lower  t h a n  u s u a l  l i f t - o f f  wind c o n s t r a i n t  f o r  
AAP-2 due t o  a s t r e n g t h  problem a t  t h e  A i r l o c k  Module/Multiple 
Docking Adapter  i n t e r f a c e .  T h e  s p e c i f i c s  o f  t h i s  problem a r e  
g iven ;  however, t h e  p rocedure  f o r  d e t e r m i n i n g  wind c o n s t r a i n t s  
i s  i t e r a t i v e  and,  i n  t h e  c a s e  o f  AAP-2, n o t  y e t  comple te .  

SPECIFICATION OF THE W I N D  AND PROBABILITY OF OCCURRENCE 

The S a t u r n  I B  v e h i c l e  w i t h  an  Apol lo  payload  (SA-205 
C o n f i g u r a t i o n )  was s t r u c t u r a l l y  capab le  of  l i f t - o f f  i n  a 95 p e r c e n t i l e  
ground wind. A 9 5  p e r c e n t i l e  wind i s  d e f i n e d  as t h a t  wind-speed 
p r o f i l e  ( t h e  speed  i n c r e a s e s  w i t h  h e i g h t  above t h e  ground)  t h a t ,  
w i t h  a 95% p r o b a b i l i t y ,  w i l l  no t  be  exceeded d u r i n g  any one 
hour  of t h e  w i n d i e s t  month. Based on about  1 5  y e a r s  o f  wind 
da ta  t a k e n  a t  KSC, and w i t h  t h e  p r o f i l e  r e f e r e n c e d  t o  t h e  wind 
s p e e d  60 f e e t  above t h e  ground ( l o c a l  s and  l e v e l ) ,  which i s  an  
a c c e p t e d  s t a n d a r d ,  t h e  95 p e r c e n t i l e  peak wind a t  -KSC i s  approx ima te ly  
28 k n o t s .  

If a s t r u c t u r e s  man s a y s  t h a t  he  has a l i f t - o f f  wind 
c o n s t r a i n t  of 28 k n o t s ,  he  means t h a t  h i s  s t r u c t u r e  i s  capab le  o f  
w i t h s t a n d i n g  wind-induced loads  ( super imposed  on o t h e r  l i f t - o f f  
l o a d s )  when t h e  wind speed  6 0  f e e t  above ground i s  l e s s  t h a n  or 
e q u a l  t o  28 k n o t s .  I f  you a s k  t h e  KSC m e t e o r o l o g i s t  what your  
chances  of g e t t i n g  o f f  under  t h i s  c o n s t r a i n t  a r e ,  h e ' l l  have a 
d i f f i c u l t  t i m e  answer ing  you. The answer i s  n o t  95%;  y o u r  chances  
are much b e t t e r .  The 95 p e r c e n t i l e  wind s a y s  t h e  p r o b a b i l i t y  o f  
n o t  exceed ing  28 k n o t s  a t  60 f e e t  d u r i n g  any hour  o f  t h e  wors t  
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month i s  95%, - n o t  t h a t  he e x p e c t s  h i g h e r  winds f o r  3 minutes  
o f  e v e r y  hour  d u r i n g  t h a t  month. Assuming t h a t  you w i l l  keep 
t h e  v e h i c l e  b u t t o n e d  up i f  a s q u a l l  l i n e  o r  h u r r i c a n e  i s  coming 
up t h e  c o a s t ,  your  chances o f  s e e i n g  a sudden g u s t  t h a t  exceeds  
28 k n o t s  a t  t h e  i n s t a n t  of launch  are  a lmos t  n e g l i g i b l e .  
i l l u s t r a t e ,  of a l l  t h e  MSFC-built v e h i c l e s  ( n o t  j u s t  S a t u r n s )  
t h a t  have been launched ,  t h e  h i g h e s t  winds a t  l i f t - o f f  were 
measured on SA-205. The measured winds f o r  t h i s  f i r s t  manned 
Apol lo  m i s s i o n  were 18-19 k n o t s ,  w i t h  peaks  t o  21 k n o t s .  

To 

The f a c t  t h a t  t h e r e  i s  a n  e x c e e d i n g l y  low p r o b a b i l i t y  
of  exceed ing  a 95 p e r c e n t i l e  wind a t  l i f t - o f f  does n o t  e l i m i n a t e  
t h e  c o n s t r a i n t .  The wind (or wind-induced l o a d s )  must b e  
mon i to red  d u r i n g  t h e  f i n a l  coun t ,  and i f  t h e  c o n s t r a i n t  i s  
exceeded ,  t h e  l aunch  must be h e l d  u n t i l  t h e  weather i s  ca lmer .  
On l a t e r  AAP m i s s i o n s  ( n o t  A A P - 2 )  where rendezvous  p r o f i l e s  
r e q u i r e  "launch-on-time," h igh  winds f o r  p e r i o d s  o f  minutes  
would n o t  r e s u l t  i n  h o l d s  o f  o rder  minu tes ,  b u t  o f  o r d e r  d a y s .  
AAP-2, however, does  n o t  have a launch-on-time c o n s t r a i n t .  

WIND-INDUCED LOADS P R I O R  TO LIFT-OFF 

When a f r e e - s t a n d i n g  v e h i c l e ,  clamped a t  i t s  base, 
i s  exposed  t o  ground winds,  i t  w i l l  bend as a c a n t i l e v e r  beam 
i n  t h e  d i r e c t i o n  of  t he  wind. I t s  s t a t i c  d e f l e c t i o n  i s  propor-  
t i o n a l  t o  t h e  s q u a r e  of  t h e  wind speed. The bend ing  moment 
i n c r e a s e s  from z e r o  a t  t h e  t o p  t o  maximum a t  t h e  base. The 
wind can  a l s o  induce  dynamic o s c i l l a t i o n s  normal  t o  t n e  wind 
v e l o c i t y .  These o s c i l l a t i o n s  a re  t h e  r e s u l t  o f  von Karman 
v o r t e x  shedd ing .  When t h e  wind  speed i s  h i g h  enough, ve ry  
r e g u l a r  i n d i v i d u a l  v o r t i c e s  form i n  p a r a l l e l  rows downwind on 
e i t h e r  s ide  of t h e  v e h i c l e .  Von Karman showed t h a t  v o r t i c e s  
i n  one row must be symmet r i ca l ly  staggered w i t h  t h o s e  of  t h e  
o t h e r  row f o r  t h e  arrangement  t o  be  s t ab le ,  and de te rmined  t h e  
r a t i o  of  row s e p a r a t i o n  t o  t h e  s e p a r a t i o n  o f  v o r t i c e s  i n  one 
of  t h e  rows (Refe rences  1 and 2). F i g u r e  1 (f rom Refe rence  1) 
shows photographs  of  t h e  von Karman v o r t e x  t r a i l  beh ind  a 
c y l i n d e r  i n  a n  exper iment  where t h e  Reynolds number was 250. 
The f l o w  i s  n o t  s t e a d y ,  as t h e  v o r t i c e s  are c a r r i e d  o f f  by t h e  
s o u r c e  f low and new ones form a l t e r n a t e l y  on e i t h e r  s i d e  of  t h e  
v e h i c l e .  The f r equency  of t h e  shedd ing  i s  e x p r e s s e d  approx ima te ly  
as f = 0.22 V/D when D i s  t h e  diameter of t h e  c y l i n d e r  and V i s  
t h e  wind v e l o c i t y .  The p e r i o d i c  shedd ing  of t h e  v o r t i c e s  c a u s e s  
a n  o s c i l l a t i n g  l a t e r a l  p re s su re  d i s t r i b u t i o n .  When t h e  f r equency  
o f  t h e  shedd ing  ( e q u i v a l e n t l y  t h e  f r equency  o f  t h e  l a t e ra l  
p r e s s u r e  o s c i l l a t i o n )  c o i n c i d e s  w i t h  t h e  n a t u r a l  f r equency  o f  t h e  
c a n t i l e v e r e d  v e h i c l e ,  v i o l e n t  e l a s t i c - b o d y  o s c i l l a t i o n s  can o c c u r .  



T H E  CAMERA IS AT REST W I T H  RESPECT TO T H E  CYLINDER 

T H E  CAMERA I S  AT REST WITH RESPECT T O  T H E  SOURCE FLOW 

FIGURE 1 - VON KARMAN VORTEX T R A I L  
REYNOLDS NUMBER = 250 
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It i s  p o s s i b l e  t ha t  t h e  l a t e r a l  motion o f  t h e  v e h i c l e  
can  i n c r e a s e  t h e  p r e s s u r e  d i f f e r e n c e  such  t h a t  f l u t t e r  o c c u r s .  
F l u t t e r  i s  a dynamic i n s t a b i l i t y ,  which can  be d e s c r i b e d  as 
f o r c e d  o s c i l l a t i o n  w i t h  n e g a t i v e  damping or p o s i t i v e  f eedback .  
F l u t t e r  o f  an u n f u e l e d  S a t u r n  V has been obse rved  i n  s c a l e  
model wind-tunnel  t e s t s ,  and h a s  l e d  t o  t h e  a d d i t i o n  o f  a 
mechanica l  damper t o  t h e  ground s u p p o r t  equipment .  The damper 
connec t s  t h e  t o p  of t h e  s p a c e c r a f t  t o  t h e  Launch U m b i l i c a l  
Tower or Mobile S e r v i c e  S t r u c t u r e ,  and p r o v i d e s  p o s i t i v e  damping 
i n  c a s e s  of  f o r c e d  o s c i l l a t i o n  due t o  v o r t e x  shedd ing .  F l u t t e r  
has n o t  been obse rved  f o r  f u e l e d  S a t u r n  V or S a t u r n  I B  c o n f i g u r a t i o n s .  

l o a d s  are wind-tunnel  t e s t s  u s i n g  s c a l e  models of t h e  v e h i c l e s .  
A t  MSFC, bending  moment and d e f l e c t i o n  d i s t r i b u t i o n s  a l o n g  t h e  
c a n t i l e v e r e d  v e h i c l e  are g e n e r a t e d  by  t h e  Aero-Astrodynamics 
L a b o r a t o r y .  The s t a t i c  component p a r a l l e l  t o  t h e  wind and t h e  
peak l a t e r a l  component, which i s  due t o  v o r t e x  shedd ing ,  are  
de te rmined  as a f u n c t i o n  of  wind speed.  E x t e r n a l  l o a d s  based on 
wind-tunnel  data can be r e f i n e d  by computer s i m u l a t i o n s ,  which 
i n c o r p o r a t e  a c c u r a t e  s t i f f n e s s  models and c a n t i l e v e r  dynamic 
mode shapes .  

The b a s i c  s o u r c e  of p r e d i c t i o n s  on wind-induced e x t e r n a l  

There have b e e n  many q u e s t i o n s  ra i sed  about  t h e  a b i l i t y  
t o  p r o p e r l y  s c a l e  t h e  v e h i c l e  and  c o n t r o l  t h e  wind p r o f i l e  i n  a 
wind t u n n e l .  S c a l i n g  problems are compl i ca t ed  b y  t h e  p r e s e n c e  
o f  GSE,  such  as t h e  Launch Umbi l i ca l  Tower. The only  ( t o  t h e  
a u t h o r ' s  knowledge) f u l l - s c a l e  i n v e s t i g a t i o n s  of  wind-induced l o a d s ,  
i n c l u d i n g  t h e  v o r t e x  shedding  phenomenon, were performed on a 
J u p i t e r  l aunch  v e h i c l e  b y  Langly Research C e n t e r  a t  Wallops I s l a n d .  
MSFC c l a ims  t h e i r  s c a l e  mode l  t e s t  t e c h n i q u e s  gave r e s u l t s  f o r  
t h e  J u p i t e r  which compared f a v o r a b l y  w i t h  t h e  f u l l - s c a l e  r e s u l t s .  
L a n g l e y ' s  wind- tunnel  t es t s ,  however, gave r e s u l t s  t h a t  p r e d i c t e d  
l o a d s  less  t h a n  t h o s e  a c t u a l l y  obse rved .  

Although dynamic o s c i l l a t i o n  of  a S a t u r n  v e h i c l e  
due t o  v o r t e x  shedd ing  has not been  obse rved  a t  K S C  ( e v e r y  e f f o r t  
i s  i s  made t o  p r e v e n t  t h e  phenomenon), t h e r e  have been f a i l u r e s  
i n  GSE t h a t  have t o  b e  a t t r i b u t e d  t o  v o r t e x  shedd ing .  Tubu la r  
members i n  t h e  Mobile S e r v i c e  S t r u c t u r e  have f a i l e d  a t  t h e i r  e n d s ,  
and a n  aerodynamic ra ther  than  s t r u c t u r a l  f i x  i s  b e i n g  i n s t a l l e d .  
F i g u r e  2 ,  a photograph  o f  a Thor miss i le  a t  Wallops I s l a n d ,  i s  a 
g r a p h i c  example of  a wind-induced f a i l u r e .  No wind o r  l o a d  data 
were t a k e n  a t  t h e  t i m e  o f  t h e  f a i l u r e ,  however. 

Although t h e  s c a l e  model t e c h n i q u e  o f  p r e d i c t i n g  l o a d s  
i n  a c a n t i l e v e r  v e h i c l e  lack  an abundance o f  f u l l - s c a l e  
c o r r e l a t i o n ,  i t  i s  t h e  bes t  d e s i g n  t o o l  a v a i l a b l e .  I n  t h e  c a s e  
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o f  AAP-2 w i t h  t h e  Payload  Shroud ( P S ) ,  wind- tunnel  t e s t s  have 
n o t  y e t  been done. The ex te rna l  c o n f i g u r a t i o n  i s  s imilar ,  
however,  t o  t h e  SA-203 v e h i c l e  and t o  t h e  o l d  S a t u r n  I B  - Centau r  
c o n c e p t ,  b o t h  of which have had wind- tunnel  t e s t i n g .  The 203 
sh roud  had no c y l i n d r i c a l  s e c t i o n  and t h e  S a t u r n  I B  - Centaur  
sh roud  had a 260-inch diameter b y  349-inch l o n g  c y l i n d r i c a l  
s e c t i o n .  The PS has a 170-inch l o n g  c y l i n d r i c a l  s e c t i o n .  The 
c o n i c a l  s e c t i o n s  o f  t h e  nose cones a re  i d e n t i c a l  i n  t h e  t h r e e  
c a s e s ,  e x c e p t  f o r  t h e  tower j e t t i s o n  motor on t h e  AAP-PS. The 
p r e s e n t  bending  moment d i s t r i b u t i o n  da ta  f o r  AAP-2 i s  based on 
a n  i n t e r p o l a t i o n  of  t h e  wind-tunnel  data on t h e  two e a r l i e r  
c o n f i g u r a t i o n s  as modi f ied  b y  a n a l y t i c a l  t r e a t m e n t  of  AAP-2 
s t i f f n e s s  and modal data.  

LIFT-OFF LOADS 

A t  l i f t - o f f ,  t h e  f i x e d - f r e e  ( c a n t i l e v e r e d )  v e h i c l e  
i n s t a n t l y  becomes a f r e e - f r e e  v e h i c l e .  When t h e  hold-down 
arms release,  t h e  base b e n d i n g  moment, which was maximum i n  
t h e  c a n t i l e v e r  c o n d i t i o n ,  must i n s t a n t l y  go t o  z e r o .  The 
d e f l e c t e d  shape  must change s o  i t  i s  compa t ib l e  w i t h  t h e  new 
boundry c o n d i t i o n s  w h i l e  m a i n t a i n i n g  t h e  same s t r a i n  ( p o t e n t i a l )  
p l u s  k i n e t i c  energy  (assuming no damping) .  

The s t r a i n  ene rgy  due t o  bending  i s  one ha l f  t h e  
i n t e g r a l  o v e r  t h e  l e n g t h  o f  t h e  s q u a r e  of moment d i v i d e d  by 
t h e  p r o d u c t  o f  t h e  modulus of e l a s t i c i t y  t imes t h e  moment o f  
i n e r t i a  of  t h e  c r o s s  s e c t i o n .  

If w e  match t h e  s t r a i n  energy a t  maximum d e f l e c t i o n  (when t h e  
k i n e t i c  energy  i s  z e r o )  i n  t h e  two c a s e s ,  w e  can  see t h a t  t h e  
bend ing  moment h i g h  i n  t h e  f ree-free v e h i c l e  has t o  i n c r e a s e  
o v e r  t h a t  i n  t h e  f i x e d - f r e e  v e h i c l e  as a consequence of  t h e  
base bending  moment change from maximum t o  z e r o .  T h i s  i s  
commonly known as t h e  "twang" e f f e c t .  

The c a l c u l a t i o n  of t h e  bend ing  moment d i s t r i b u t i o n  
due t o  twang, and a l s o  l a t e r a l  shear  l o a d s  i n  t h e  v e h i c l e ,  i s  
per formed a t  MSFC by t he  S t r u c t u r e s  D i v i s i o n  o f  P&VE. They 
u s e  t h e  s t a t i c  p a r a l l e l  components and t h e  peak  normal dynamic 
components of t h e  bending  moment d i s t r i b u t i o n  (or d e f l e c t i o n  
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d i s t r i b u t i o n )  i n  t h e  c a n t i l e v e r  v e h i c l e ,  which have been 
f u r n i s h e d  b y  Aero-Astrodynamics, as i n i t i a l  c o n d i t i o n s  i n  a 
s t a n d a r d  e l a s t i c  body l a t e r a l  r e s p o n s e  program. For any wind 
speed p r o f i l e  ( t h e y  u s u a l l y  s t a r t  w i t h  t h e  95 p e r c e n t i l e  w i n d ) ,  
t h e  r e s u l t s  of  t h e  program give  t i m e  h i s t o r i e s  of  t h e  bending  
and shear l o a d s  a l o n g  t h e  v e h i c l e ,  i n c l u d i n g  t h e  payload  w i t h i n  
t h e  shroud.  

The b u i l d u p  o f  t h r u s t ,  and t h e  sudden re lease o f  
t h e  hold-down arms, causes  a x i a l  l o a d  t r a n s i e n t s  i n  t h e  v e h i c l e .  
Here, t h e  t h r u s t  l o a d s  r e a c t e d  b y  t h e  hold-down s t r u c t u r e  are  
sudden ly  r e a c t e d  b y  t h e  mass o f  t h e  v e h i c l e .  The t i m e  h i s t o r i e s  
of t h e  a x i a l  o s c i l l a t i o n s  and l o a d s  a l o n g  t h e  v e h i c l e  a re  
computed i n  a n o t h e r  modal r e sponse  program, and a re  superimposed 
on t h e  shear  and bending  moment t i m e  h i s t o r i e s .  The o u t p u t  o f  
t h e  s t r u c t u r a l  l o a d s  group i s  t h e n  a complete  p i c t u r e  of  e x p e c t e d  
a x i a l  l o a d ,  l a t e r a l  l o a d  ( s h e a r ) ,  and bending  moment a l o n g  t h e  
v e h i c l e  as a f u n c t i o n  o f  t ime.  The t o t a l  t i m e  between hold-down 
arm re lease  and t h e  observance of peak l i f t - o f f  l o a d s  i s  on 
t h e  o r d e r  o f  a second.  

A t  e ach  c r i t i c a l  v e h i c l e  s t a t i o n ,  t h e  maximum e x p e c t e d  
bend ing  moment, shear,  and axial  l o a d  can  be p i c k e d  from t h e  
t i m e  h i s t o r i e s .  The t h r e e  components o f  t h e  l o a d  are  no t  
n e c e s s a r i l y  a t  t h e i r  maximums s i m u l t a n e o u s l y ,  however. T h e r e f o r e ,  
t h e  maximum of each  i s  p i cked  and l i s t e d  a l o n g  w i t h  t h e  s imul-  
t a n e o u s  v a l u e s  of  t h e  o t h e r  two. These t h r e e  se t s  of  l o a d s  f o r  
e a c h  c r i t i c a l  s t a t i o n  become t h e  l i m i t  l o a d  c o n d i t i o n s .  L i m i t  
l o a d  i s  d e f i n e d  as t h e  maximum e x p e c t e d  l o a d  t h a t  can a c t u a l l y  
o c c u r  d u r i n g  t h e  f l i g h t  phase ,  i n  t h i s  c a s e  l i f t - o f f .  

I n  t h e  c a s e  o f  AAP-2 ,  t h e  l i m i t  l o a d s  a t  l i f t - o f f  
were i n i t i a l l y  de t e rmined  f o r  a 95 p e r c e n t i l e  ( 2 8  k n o t )  wind 
w i t h  a n  MDA weight  o f  1 0 , 0 0 0  pounds and c . g .  a t  v e h i c l e  s t a t i o n  
1981.  T h i s  weight  and c . g .  were agreed t o  approx ima te ly  a 
y e a r  ago as t h e  c o n d i t i o n s  f o r  t h e  AM/MDA combined s t a t i c  t e s t .  

It must b e  no ted  t h a t  a change i n  w e i g h t ,  c . g . ,  wind 
speed, or v e h i c l e / p a y l o a d  s t i f f n e s s  r e q u i r e s  a d e t a i l e d  
r e - e v a l u a t i o n  of l i f t - o f f  l o a d s .  The e f f e c t  o f  any of  t hese  
changes  on l o a d s  cannot  be de te rmined  by  l i n e a r  e x t r a p o l a t i o n .  
I n  t h e  c a s e  of a change i n  wind  speed ( t o  t h e  f i r s t  o r d e r ) ,  
t h e  a x i a l  l o a d s  do n o t  change, t h e  i n i t i a l  c o n d i t i o n s  o f  bending  
moment and shear p a r a l l e l  t o  t he  wind are  p r o p o r t i o n a l  t o  t h e  
s q u a r e  of t h e  wind s p e e d ,  and t h e  bending  moment and shear 
p e r p e n d i c u l a r  t o  t h e  wind a r e  a f u n c t i o n  o f  t h e  p r o x i m i t y  o f  
t h e  v o r t e x  shedd ing  f requency  t o  t h e  c a n t i l e v e r  n a t u r a l  f r equency  
of t h e  v e h i c l e .  
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INTERNAL LOADS A N A L Y S I S  

The c o n v e r s i o n  o f  l i m i t  l o a d  c o n d i t i o n s  a t  c r i t i c a l  
v e h i c l e  o r  pay load  s t a t i o n s  t o  s t resses  i n  i n d i v i d u a l  components 
o f  t h e  s t r u c t u r e  i s  termed i n t e r n a l  l o a d s  a n a l y s i s .  D i f f e r e n t  
a n a l y t i c a l  t e c h n i q u e s  can be employed, and t h e y  sometimes g i v e  
d i f f e r e n t  answers .  T h i s  h a s  been t h e  c a s e  i n  AAP-2, where 
MSFC and McDonnell Douglas - E a s t e r n  D i v i s i o n  (MDAC-ED) a n a l y s e s  
have r e s u l t e d  i n  d isagreement  on t h e  c a p a b i l i t y  o f  t h e  AM/MDA 
i n t e r f a c e  f o r  s t a t i c  t e s t  c o n d i t i o n s .  

The MSFC i n t e r n a l  l o a d s  a n a l y s i s  i s  done by M a r t i n  
Marietta Corpora t ion .  A d e t a i l e d  e l a s t i c  s t i f f n e s s  ( o r  
f l e x i b i l i t y )  model of  t h e  s t r u c t u r e  i s  g e n e r a t e d  by a computer.  
A p p l i e d  f o r c e s  are chosen t o  match t h e  s p e c i f i e d  l i m i t  l o a d  
c o n d i t i o n  a t  a l l  c r i t i c a l  s t a t i o n s  i n  much t h e  same manner 
as l o a d i n g  c o n d i t i o n s  f o r  a s t a t i c  t e s t  are  p i c k e d .  The 
computer  t h e n  g e n e r a t e s  t h e  l o a d s  ( o r  s t r e s ses )  i n  e a c h  component 
o f  t h e  s t r u c t u r e  due t o  t h o s e  s t a t i c  f o r c e s .  The t e c h n i q u e  i s  
based on m a i n t a i n i n g  compat ib le  e l a s t i c  de fo rma t ions  of j o i n t s ;  
t h e  s i m p l e s t  example of t h i s  t e c h n i q u e  i s  t h e  s t ress  a n a l y s i s  o f  
a s t a t i c a l l y  i n d e t e r m i n a t e  t ru s s  g i v e n  i n  a l l  t e x t s  on t h e  
t h e o r y  o f  s t r u c t u r e s .  

The MDAC-ED t e c h n i q u e  used  t o  de t e rmine  t h e  s t r e s s  
d i s t r i b u t i o n  a t  t h e  AM/MDA i n t e r f a c e  was n o t  as complex as t h e  
MSFC/Martin t e c h n i q u e .  MDAC c a l c u l a t e d  t h e  e f f e c t i v e  area o f  
t h e  I n t e r f a c e  s t r u c t u r e  and a p p l i e d  t h e  l i m i t  l o a d s  s p e c l f i e d  
by  MSFC d i r e c t l y ,  assuming t h a t  t h e  p l a n e  o f  t h e  i n t e r f a c e  
remained  a p l a n e .  

The r e s u l t s  o f  t h e  MSFC i n t e r n a l  l o a d s  a n a l y s i s  
i n d i c a t e d  t h a t  t h e  l o a d s  ( l i m i t  c o n d i t i o n )  t h a t  had t o  be  
c a r r i e d  th rough  t h e  j o i n t  between t h e  AM i n t e r f a c e  r i n g  and 
a T - s e c t i o n  s t r i n g e r  (one  o f  e i g h t )  on t h e  S t r u c t u r a l  T r a n s i s t i o n  
S e c t i o n  (STS)  exceeded t h e  u l t i m a t e  s t r e n g t h  c a p a b i l i t y  o f  t h e  
j o i n t .  The MDAC-ED a n a l y s i s  i n d i c a t e d  t h a t  t h e  j o i n t  was n o t  
o n l y  good f o r  l i m i t  l o a d  c o n d i t i o n ,  b u t  had a n  u l t i m a t e  f a c t o r  
o f  s a f e t y  ( F . S . )  o f  abou t  1 . 5 .  The u l t i m a t e  f a c t o r  o f  s a fe ty  
i s  d e f i n e d  as t h e  r a t i o  between t h e  a l l o w a b l e  u l t i m a t e  l o a d  
c a p a b i l i t y ,  as de te rmined  by s t r e n g t h ,  and t h e  l i m i t  l o a d .  
An u l t i m a t e  f a c t o r  o f  sa fe ty  o f  1 . 2 5  i s  a r equ i r emen t  f o r  AM/MDA 
s t r u c t u r e ,  and i s  a s t a t i c  t e s t  c o n d i t i o n .  That  i s ,  t h e  s t a t i c  



BELLCOMM, INC. - 9 -  

. 

t e s t  a r t i c l e  w i l l  be t e s t e d  t o  1 . 2 5  t imes e x p e c t e d  l i m i t  l o a d s .  
Another  term used  i s  margin of sa fe ty  (M.S. ) ,  and i s  d e f i n e d  b y  
MSFC as:  

a l l o w a b l e  u l t i m a t e  l o a d  
M.S. = - 1  F.S .  x l i m i t  l o a d  

By t h i s  d e f i n i t i o n ,  a s t r u c t u r e  d e s i g n e d  t o  f a i l  ( n o t  y i e l d ,  b u t  
b r e a k  or b u c k l e )  a t  F .S .  t imes  l i m i t  l o a d  has a M.S. o f  z e r o .  
MSFC's estimate o f  t h e  M.S. of t h e  STS j o i n t  i n  q u e s t i o n  w i t h  an  
u l t i m a t e  F .S .  o f  1 . 2 5  was approx ima te ly  - 25%. Working back 
t h r o u g h  t h e  d e f i n i t i o n  of M.S., w e  see t h a t  MSFC expec ted  t h e  
j o i n t  t o  f a i l  a t  a l o a d  6% l e s s  t h a n  l i m i t .  [ ( 1 - . 2 5 ) ( 1 . 2 5 )  = 
a l l o w a b l e / l i m i t  = 0 . 9 4 1  

R E V I S I O N  OF AAP-2 STATIC TEST C O N D I T I O N S  

The s t a t i c  tes t  o f  t h e  AM, MDA, and PS w i l l  s e r v e  
n o t  o n l y  as a v e r i f i c a t i o n  t e s t  o f  t h e  s t r u c t u r e ,  b u t  as a 
check  on t h e  a n a l y t i c a l  t e c h n i q u e s .  S i m p l y  s t a t e d ,  it w i l l  
s e r v e  t o  de t e rmine  who i s  c l o s e r  t o  b e i n g  r i g h t  about  i n t e r n a l  
l o a d s .  However, MSFC i s  n o t  w i l l i n g  t o  commit t h e  t e s t  a r t i c l e s  
t o  t e s t  c o n d i t i o n s  t h a t  t h e y  f e e l  w i l l  f a i l  i t ,  as t h e  AM w i l l  
l a t e r  be  modi f ied  f o r  dynamic t e s t i n g  and t h e  MDA w i l l  become 
t h e  1-g t r a i n e r .  

A major  change t o  t h e  i n t e r f a c e  s t r u c t u r e  which would 
g i v e  MSFC t h e  conf idence  they  want t o  p roceed  t o  s t a t i c  t e s t  
w i t h  t h e  s t a t ed  l i f t - o f f  c o n d i t i o n s  - namely, 1 0 , 0 0 0  l b  MDA, 
c . g .  a t  s t a t i o n  1981, F.S. = 1 . 2 5 ,  95 p e r c e n t i l e  wind ( 2 8  k n o t s ) ,  
and z e r o  i n t e r n a l  gage p r e s s u r e  - would f o r c e  a f a i r l y  e x t e n s i v e  
r e - a n a l y s i s .  Because o f  changed s t i f f n e s s e s ,  l i m i t  l o a d s  and 
i n t e r n a l  l o a d s  would have t o  b e  r e - c a l c u l a t e d .  T h i s ,  p l u s  t h e  
p h y s i c a l  m o d i f i c a t i o n  o f  t h e  s t r u c t u r e ,  would p robab ly  d e l a y  
t h e  s t a t i c  t e s t  for s e v e r a l  months. Changes i n  mass and/or  c . g .  
l o c a t i o n  would cause  similar d e l a y s .  The s i m p l e s t  t h i n g  t h a t  
c o u l d  be  done was f o r  t h e  s t r e n g t h  p e o p l e  t o  de t e rmine  t h e  
bend ing  and shear l i m i t  l o a d  c o n d i t i o n s  ( super imposed  on unchanged 
a x i a l  l i m t t  c o n d i t i o n s )  t h a t  t h e y  c o u l d  a c c e p t ,  and work backwards 
t o  d e t e r m i n e  t h e  wind speed  t h a t  gave these l i m i t  l o a d s .  T h i s  
was done,  and i t  was de termined  that  a t  a 24-knot peak wind, 
t h e  M.S. a t  t h e  AM/MDA i n t e r f a c e  became - 3% as opposed t o  t h e  - 25% a t  28 k n o t s .  A s i m p l e  change o f  1 6  r i v e t s  which j o i n  
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t h e  8 STS T- sec t ion  s t r i n g e r s  t o  t h e  i n t e r f a c e  r i n g  would make 
t h e  M.S. p o s i t i v e .  MDAC-ED was t h e r e f o r e  d i r e c t e d  t o  change 
t h e  1 6  - 3/16" aluminum r i v e t s  t o  1 / 4 "  aluminum r i v e t s ,  and 
MSFC p l a n s  t o  proceed  t o  t h e  s t a t i c  t e s t  u s i n g  a 24-knot wind 
c r i t e r i a .  

DETERMINATION OF APP-2 LIFT-OFF W I N D  CONSTRAINT 

Simply because  t h e  s t a t i c  t e s t  w i l l  d emons t r a t e  t h e  
c o n s e r v a t i s m ,  or l a c k  of  i t ,  i n  t h e  a n a l y t i c a l  t e c h n i q u e s ,  i t  
w i l l  b e  a major  s t e p  i n  e s t a b l i s h i n g  a c t u a l  l i f t - o f f  c o n s t r a i n t s .  
C e r t a i n l y ,  one would e x p e c t  a r e - i t e r a t i o n  o f  a t  l e a s t  one o f  
t h e  a n a l y s e s  based on t h e  s t a t i c  t e s t  s o  t h a t  e q u i v a l e n t  r e s u l t s  
are  o b t a i n e d .  

There are  r e a s o n s  t o  b e  o p t i m i s t i c  t h a t  t h e  24-knot 
s t a t i c - t e s t  wind c r i t e r i a  can  be ra ised f o r  f l i g h t .  F i r s t ,  
t he  l o a d e d  MDA weight  i s  expec ted  t o  be c l o s e r  t o  8300 pounds 
ra ther  t h a n  1 0 , 0 0 0  pounds,  and t h e  c . g .  i s  e x p e c t e d  t o  b e  abou t  
1 0  i n c h e s  lower  t h a n  s t a t i o n  1981.  Both of t h e s e  d i f f e r e n c e s  
w i l l  r educe  i n t e r f a c e  l o a d s  f o r  a g i v e n  s e t  o f  c o n d i t i o n s ,  
and  t h e  wind c o n s t r a i n t  can t h e r e f o r e  b e  ra i sed  t o  t h e  e x t e n t  
t h a t  i t  produces  t h e  same i n t e r f a c e  l o a d s .  Second, t h e  MSFC 
e l a s t i c  model t e c h n i q u e  f o r  de t e rmin ing  i n t e r n a l  l o a d s  assumes 
t h a t  de fo rma t ions  a t  u l t i m a t e  c o n d i t i o n s  are  s t i l l  e l a s t i c .  
S i n c e  t h e  dynamic ( twang)  l o a d s  r e s u l t  from t h e  c o n v e r s i o n  o f  
k i n e t i c  energy  i n t o  s t r a i n  energy ,  and s i n c e  i n  r e a l i t y  i n e l a s t i c  
s t r a i n  w i l l  o c c u r  b e f o r e  failure, more s t r a i n  ene rgy  can  a c t u a l l y  
be  s t o r e d  t h a n  t h a t  which is p e r m i t t e d  by t h e  a n a l y t i c a l  t e c h n i q u e .  
The MSFC t e c h n i q u e  i s  c o n s e r v a t i v e  as it  p r e d i c t s  h i g h e r  s t resses  
(above  y i e l d )  t h a n  w i l l  a c t u a l l y  o c c u r  f o r  a p a r t i c u l a r  ene rgy  
s t o r a g e  r e q u i r e m e n t .  

Based on what w e  know t o d a y ,  we can  presume t h a t  
t h e  l i f t - o f f  c o n s t r a i n t  w i l l  b e  h i g h e r  t h a n  2 4  k n o t s .  We c a n ' t  
s a y ,  however,  t h a t  i t  w i l l  be 28 k n o t s  w i t h o u t  a s t r u c t u r a l  
change.  MSFC has i n v e s t i g a t e d  p o s s i b l e  s t r u c t u r a l  f i x e s  which 
t h e y  b e l i e v e  would p e r m i t  a 28-knot c r i t e r i a ,  and t h e  es t imated 
weight  i n c r e a s e s  are  60  pounds t o  t h e  MDA and 32 pounds t o  t h e  
AM. There are ,  however, a couple  of t h i n g s  w e  d o n ' t  know today  
which might  n e g a t e  these p resumpt ions .  The f i rs t  i s  t h e  
r e s u l t s  of wind- tunnel  t e s t s  on t h e  S a t u r n  I B  w i t h  t h e  Payload  
Shroud,  i n c l u d i n g  t h e  tower j e t t i s o n  motor.  Remember that. 
e x t e r n a l  l o a d s  f o r  t h i s  c o n f i g u r a t i o n  were based on a n  i n t e r -  
p o l a t i o n  between SA-203 and SaIB - Centaur  data ,  and n e i t h e r  
o f  these  c o n f i g u r a t i o n s  had a j e t t i s o n  motor  on t o p .  Another  
p o s s i b l e  concern  might  ar ise  if t h e  MSFC i n t e r n a l  l o a d s  a n a l y s e s  
t e c h n i q u e  p roves  t o  be a c c u r a t e .  The c o r r o l a r y  says t h e  MDAC-ED 
t e c h n i q u e  i s  u n c o n s e r v a t i v e ,  and the re  might  be  o t h e r  areas i n  
t h e  AM w i t h  i n s u f f i c i e n t  s t r e n g t h  c a p a b i l i t y .  (The STS i s  t h e  
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o n l y  AM area ana lyzed  i n  d e t a i l  by  MSFC.) 
a d m i t t e d l y  d i f f i c u l t  t o  r e c o n c i l e  w i t h  McDonnell 's ve ry  
s u c c e s s f u l  h i s t o r y  o f  b u i l d i n g  working machines .  

T h i s  p o s s i b i l i t y  i s  

WHAT W I N D - C O N S T R A I N T ?  

I n  r e c e n t  S a t u r n  l aunches ,  t h e r e  has been a s t r u c t u r a l  
wind c o n s t r a i n t  on ly  as a backup t o  a redundant  s y s t e m  o f  
s t r a i n  gages. S i n c e  t h e r e  i s  s o  much u n c e r t a i n t y  abou t  t h e  
r e l a t i o n s h i p  between wind p r o f i l e  and e x t e r n a l  l o a d s ,  and t h e  
l o a d s  are i n  r e a l i t y  t h e  impor t an t  parameter i n  t h e  s t r u c t u r a l  
c a p a b i l i t y  problem, i t  i s  f a r  p r e f e r a b l e  t o  measure and p l a c e  
a c o n s t r a i n t  on t h e  l o a d s .  MSC has e s t a b l i s h e d  t h a t  there  i s  
a l i n e a r  r e l a t i o n s h i p  between v e h i c l e  bending  moment j u s t  p r i o r  
t o  l i f t - o f f  and peak s p a c e c r a f t  l o a d s  (due  t o  twang) j u s t  a f t e r  
l i f t - o f f  (Refe rence  3 ) .  The t e c h n i q u e  o f  m o n i t o r i n g  e x i s t i n g  
s t r a i n  gages  i n  t h e  v e h i c l e  r a t h e r  t h a n  an  anemometer 6 0  f e e t  
o f f  t h e  ground,  and comparing t h e  r e s u l t s  w i t h  a l o a d  c o n s t r a i n t  
ra ther  t h a n  a wind speed c o n s t r a i n t ,  has been used on a l l  r e c e n t  
S a t u r n  l a u n c h e s .  T h i s  i s  n o t  t o  s a y  t h a t  t h e  wind was n o t  
moni tored  - i t  was, b u t  anemometer data  would have been used  
f o r  a " l aunch  v s .  ho ld"  d e c i s i o n  on ly  if t h e  s t r a i n  gage s y s t e m  
had f a i l e d .  

The s t r a i n  gages on  t h e  S a t u r n  I B  a re  l o c a t e d  i n  e i g h t  
p l a c e s  on t h e  s p i d e r  beam between t h e  s t a g e s  a t  s t a t i o n  9 4 2 .  
S p e c i f i c a l l y ,  t h e y  measure the s t r a i n  F n  e i ~ h  o f  e i g h t  s t u d s  
t h a t  j o i n  t h e  f o u r  S - I B  s t a g e  LOX t a n k s  t o  t h e  beam. 
gages are  s u f f i c i e n t  t o  de t e rmine  bending  moment magnitude and 
d i r e c t i o n ,  s o  t h e r e  i s  a g r e a t  dea l  o f  redundancy among t h e  
gages  themse lves .  Redundant r e a d o u t  c a p a b i l i t y  i s  p r o v i d e d  
w i t h  i n s t r u m e n t a t i o n  a t  b o t h  KSC and MSFC. The problem o f  
c a l i b r a t i n g  t h e  gages  has  been d e l t  w i t h  i n  t h e  pas t  by a n  
a c t u a l  l a t e r a l  " p u l l "  t e s t .  A known l a t e r a l  l o a d  was a p p l i e d  
t o  t h e  t o p s  of t h e  SA-204 and 205 v e h i c l e s ,  g i v i n g  a known 
bending  moment a t  s t a t i o n  9 4 2 ,  and  t h e  s t r a i n  i n  each  o f  t h e  
e i g h t  s t u d s  measured. Another method, o f  c a l i b r a t i o n  i s  t o  
measure t h e  s t r a i n s  b e f o r e  and a f t e r  S- IVB s tage  L O X  l o a d i n g ,  
a l t h o u g h  t h i s  i s  n o t  as a c c u r a t e  s imply  because  t h e  s t r a i n s  
produced  are smaller.  The r e p e a t i b i l i t y  between t h e  SA-204 
and 205 p u l l  t e s t s  was ve ry  good, and MSFC t h e r e f o r e  prefers  
t o  work w i t h  a c o n s t r a i n t  on bending  moment a t  s t a t i o n  942 
r a the r  t h a n  a wind c o n s t r a i n t  f o r  l i f t - o f f ,  even  i f  t h e y  are 
n o t  pe rmi t t ed  t o  c a l i b r a t e  t h e  gages  on t h e  AAP v e h i c l e s .  
They would, however, p r e f e r  t o  do a p u l l  t e s t  on each  f o r  
s t r a i n  gage c a l i b r a t i o n .  

Any t h r e e  
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SUMMARY. CONCLUSIONS. RECOMMENDATIONS 

The r e l a t i o n s h i p  between s p a c e - v e h i c l e  s t r u c t u r a l  
c a p a b i l i t y  and ground wind c o n s t r a i n t s  a t  l i f t - o f f  has been 
rev iewed.  So have t h e  a n a l y t i c a l  and e x p e r i m e n t a l  s t e p s  used  
a t  MSFC t o  p r e d i c t  wind-induced l o a d s  and e s t a b l i s h  l i f t - o f f  
wind c o n s t r a i n t s .  I n  t h e  c a s e  o f  AAP-2, t h e  i t e r a t i v e  p r o c e d u r e  
f o r  d e t e r m i n i n g  wind c o n s t r a i n t s  i s  f a r  from complete .  The 
n e x t  s t e p  i s  t h e  performance of  t h e  s t a t i c  t e s t  on t h e  pay load .  

MSFC b e l i e v e s ,  based  on t h e i r  own i n t e r n a l  l o a d s  
a n a l y s i s ,  t h a t  t h e  AM/MDA i n t e r f a c e  does  n o t  have s u f f i c i e n t  
s t r e n g t h  t o  p a s s  t h e  u l t i m a t e  l i f t - o f f  l o a d  c o n d i t i o n s  o f  t h e  
o r i g i n a l  s t a t i c  t e s t  c r i t e r i a ,  which i n c l u d e d  a 28-knot ground wind. 
However, w i t h  a minor change i n  1 6  r i v e t s  i n  t h e  STS, and a 
r e v i s i o n  o f  t h e  wind c r i t e r i a  t o  2 4  k n o t s ,  t h e y  are  c o n f i d e n t  
o f  a s u c c e s s f u l  s t a t i c  t e s t ,  and have t h u s  made these  changes .  
MDAC-ED d i s a g r e e s  w i t h  t h e  r e s u l t s  o f  t h e  MSFC i n t e r n a l  l o a d s  
a n a l y s i s  and b e l i e v e s  t h e  s t r u c t u r e  would have passed  t h e  
t e s t  w i t h  a 28-knot wind c r i t e r i a  and w i t h o u t  t h e  r i v e t  change.  
Presumably,  t h e  s t a t i c  t e s t  w i l l  d e t e rmine  which a n a l y s i s  i s  
c l o s e r  t o  b e i n g  c o r r e c t .  If t h e  MDAC r e s u l t s  t u r n  o u t  t o  be 
r i g h t ,  MSFC shou ld  have no o b j e c t i o n  t o  r a i s i n g  t h e  f l i g h t  
l i f t - o f f  wind c o n s t r a i n t  back t o  28  k n o t s .  Even i f  t h e  MSFC 
r e s u l t s  a re  n o t  c o n s e r v a t i v e ,  l ower  ( t h a n  s t a t i c  t e s t )  weight 
and c . g .  p o s i t i o n  of  t h e  MDA w i l l  d e c r e a s e  t h e  a c t u a l  l i f t - o f f  
l z a d s  and some r e l i e f  i n  t h e  24-ltnot c o n s t r a i n t  can h e  e x p e c t e d .  

I f ,  a f t e r  t h e  r e s u l t s  o f  t h e  s t a t i c  t e s t  are  a v a i l a b l e ,  
r e - i t e r a t i o n  o f  t h e  l o a d s  a n a l y s e s  f o r  a f l i g h t - w e i g h t  pay load  
s t i l l  d i c t a t e  a wind-cons t r a in t  l e s s  t h a n  28 k n o t s ,  a 
s t r u c t u r a l  f i x  can b e  a p p l i e d  t o  t h e  AM/MDA i n t e r f a c e  t o  
a l e v i a t e  t h e  c o n s t r a i n t .  However, a weight  p e n a l t y  c l o s e  t o  
1 0 0  pounds would be i n c u r r e d .  S i n c e  t h e  p r o b a b i l i t y  o f  t h e  
peak wind exceed ing  even  2 4  k n o t s  a t  t h e  i n s t a n t  o f  l i f t - o f f  
i s  v e r y  low, and because  t he re  i s  no launch-on-time c o n s t r a i n t  
on AAP-2, t h e  a d d i t i o n  o f  1 0 0  pounds i n  s t r u c t u r a l  mods i s  
c e r t a i n l y  n o t  w a r r a n t e d  now, and p robab ly  won't be  a f t e r  t h e  
s t a t i c  t e s t  r e s u l t s  are i n .  

S i n c e  t h e  d isagreement  between MSFC and MDAC on 
i n t e r n a l  l o a d s  p robab ly  cannot  b e  r e s o l v e d  wi thou t  t h e  s t a t i c  
t e s t ,  and s i n c e  MSFC i s  u n w i l l i n g  t o  commit t h e  s t r u c t u r e  
t o  t e s t  c o n d i t i o n s  t h e y  f e e l  w i l l  f a i l  i t ,  t h e  use  of t h e  
p r e s e n t l y  p l anned  s t a t i c  t e s t  c r i t e r i a  (24-knot wind)  i s  
recommended. 
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The approach  of making t h e  launch  v s .  h o l d  d e c i s i o n  
based on measured l o a d s  r a t h e r  t h a n  measured winds i s  d e f i n i t e l y  
a t t r a c t i v e ,  as i t  a v o i d s  t h e  u n c e r t a i n t i e s  (which are  u s u a l l y  
t r e a t e d  by c o n s e r v a t i s m )  invo lved  i n  t r a n s l a t i n g  wind speeds 
i n t o  l o a d s .  T h i s  Apollo Program t e c h n i q u e  s h o u l d  be  c o n t i n u e d  
for A A P  l a u n c h e s .  
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